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1. In t r aduc t i on .  
The problem o f  t h e  o r i g i n  o f  the  cosmic r a y s  i s  s t i l l  uncer- 
ta in .  Since the  observed cosmic r a y  composit ion, spectrum 
and an i so t r opy  i n v o l v e  a  l o t  o f  f ac to r ,  f o r  example, t h e  
spectrum o f  the  p r i m o r d i a l  cosmic rays, the  mechanism of 
a c c e l e r a t i o n  and propagat ion  as w e l l  as t h e  d i s t r i b u t i o n  o f  
t h e  i n t e r s t e l l a r  medium and magnetic f i e l d .  Un fo r tuna te l y ,  
a l l  o f  these a re  remained open, though people ge ts  more and 
more i n f o r m a t i o n  and ideas. As a  theory, i t  shou ld  e x p l a i n  
the  suppor t  o f  p a r t i c l e s  and energy, the  mechanism o f  acce- 
l e r a t i o n  and propagat ion  as w e l l  as some impor tan t  f e a t u r e s  
obta ined d i r e c t l y  f rom cosmic r a y  experiments, such as  t h e  
power spectrum and t h e  knee a t  about 10'~eV~'~, the  near cons- 
t a n t  ampl i tude of t he  f i r s t  harmonic o f  an i so t r opy  among 
1 0 " - l d g e ~  and t h e  ampl i tude va r y i ng  as E~~ above 5 x l 0 ' ~ e ~ c ~ r ~  
And i t  should a l s o  account f o r  t he  r e l a t i v e  abundance and 
the f l u x  o f  cosmic rays. But  so f a r  the re  i s  no model which 
can i n t e r p r e t  a l l  o f  these phenomena. t$ 
I n  a  genera l  op i n i on  t h e  cosmic r a y s  o f  10'-10 eV a r e  
t h e  g a l a c t i c  o r ig in ,bu t  above they  a re  the  e x t r a g a l a c t i c  
o r i g i n .  People a l s o  acceptes t h a t  t h e  cosmic r a y s  propagate 
i n  a  d i f f u s i o n  way, w a r i a t y  o f  d i f f u s i o n  mecha~ism d e r i v e  
d i f f e r e n t  d i f f u s i o n  c o e f f i c i e n t  as a  f u n c t i o n  o f  energy. 
But  anyhow d i f f u s i o n  always makes t he  energy spectrum 
steeper. 
There a re  two k i n d s  o f  models f o r  i n t e r p r e t i n g  t h e  c,, knee o f  t he  cosmic r a y  spectrum. One i s  the  l eaky  box model 
i n  which every n u c l e i  has d i f f e r e n t  escape s t a r t i n g  ri- 
g id i t y , t he  heav ie r  the  h igher,  b u t  t he  f l u x  o f  heavy n u c l e i  
i s  much less. Another m o d e l ~ s u g g e s t s  t h a t  the  c u t - o f f  ri- - 
g i d i t y  o f  the  main sources causes the  knee. The present  
paper s t u d i e s  t h e  spectrum and the  an iso t ropy  o f  cosmic 
r a y s  i n  an i s o t r o p i c  d i f f u s e  model w i t h  e xp l os i ve  d i s c r e t e  - 
sources i n  an i n f i n i t e  galaxy. 
2. The t r a n s p o r t  equa t ion  and i t s  so lu t i on .  
I n  an i s o t r o p i c  d i f f u s i o n  model cosmic r a y  d e n s i t y  ,N(s, t,~), 
obeys t h e  f o l l o r i a g  equat ioni51 
where D i s  t he  d i f f u s i o n  c o e f f i c i e n t ,  t he  t h i r d  term i s  due 
t o  energy loss, W=dE/dt, t h e  f o u r t h  term i s  neg i t iwe  source 
and Q i s  t h e  source. F i r s t l y ,  s t a r t e  our argument f rom one 
d i s c r e t e  source and assume as f o l l o r s :  
(1) Because t he  ages o f  t h e  main p o i n t  sources wi th in l k p c  
( tab le .1)  a re  about  1 0 4 ~ [ ~ i  even f o r  t he  h i ghes t  energy - 
p r o t o n  i t s  h a l f  l i f e t i m e ( c a u s e d  by Compton sca t t e r i ng ,  syn- 
c h r o t r o n  r a d i a t i o n  and bremstruhlong a l t o g e t h e r )  i s  seve ra l  
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decades t o  few hundred t imes long as i t s  age. So we neg lec t  
t he  energy loss. 
(2)  Assume the  P-P i n t e r a c t i o n  c o n t r i b u t s  t o  t b e  neg t i ve  
source term only, B=cnq',, , where c i s  t he  speed o f  l i g h t ,  n  
t h e  dens i t y  o f  hydrogen, q&the i n e l a s t i c  c ross-sect ion o f  P- 
P i n te rac t i on .  From acce le ra to r  experimentsC~) t h e  t o t a l  cfoss 
-sec t ion  o f  P I P  i s  obtained among energy range 10-1.5~10 GeV, 
and ~ C = 0 e 8 ~ t .  F i t t i n g  these data, g e t  the  formula  
here ' has been Table 1. L i s t  o f  SNR near t h e  (3 )  The charged cosmic 
r a y s  propagate through so~rsm m u -  
resonant s c a t t e r i n g  w i t h  MAflE t ( 1 0  Y )  r ( k p c )  E (eV) 
the t u r b u l e n t  byd~omag- (~  CTB 72 3.2 0.7 2x10 
n e t i c  wave. Zhang e t  a 1  Cyg. LOOP 3.5 0  6  10 
der i ved  HB 21 2.3 0.8 3x10 
1 /3 B rnc2 CTB 1CT 4.7 0.9 2x10 D - -  
12n .J1 - 82 e A E B  ' CTB 13  3.2 0.6 1 0  
r e w r i t e  i t  as HB 9  2.7 0.8 2x10 S 149 4.3 0.7 10 
PC B c  
- 
-. (3)  Nonoceros 4.6 0.6 7x10 12% C A S E  Vela 1 e l  0.4 10 
ubere and & i s  t he  L apus 3.8 0.4 4x10 
mean i n t e n s i t y  and energy LOOP - 3.0 0.05 .LIIIIn 10 
dens i t y  o f  t h e  fundamental 
magnetic f i e l d ,  respec t i ve ly .  A i s  t he  f r a c t i o n  o f  t u r b u l e n t  
i n  the mean f i e l d .  Take B=3bG, A=0.01, &=0.3e~/cu? ,then f o r  
the  p ro ton  o f  g rea te r  than  lOGeV, 
D - 1.67 X 1015E(~m2/s). l2l QS 
In .genera l  t h e  c o e f f i c i e n t  has a  form Do(Ez , say E  , b u t  
the recen t  da ta  f rom HEAO-3 show t h a t  the  index  t rends  t o  
r i s i n g  and D ~ E " ~  can account f o r  the exper imental  data  q u i t e  
well. A compare shows t h a t  t he  d i f f u s i o n  c o e f f i c i e n t  adopted 
by our paper i s  c lose  t o  t h a t  w i t h  t h e  index 0.7 a t  h i g h  
energies. (4) The i - t h  q o i n t  source e j e c t s  pa r t+c les  t r a n s i e n t l y  w i t h  
a  spectrum N,E a t  t=O. So t h a t  Q=NoE* b~-%:,)fit;) 
Combining of a11 these and t ransforming N=N,.'~, we g e t  
s o l u t i o n  o f  Eq.(l) 
N ~ E - ~  r f 
Ni = e x p [ - - - B ( E ) t i I  
( 4 n D t i )  4 D t i  (4) 
where t; i s  the  age o f  the  p o i n t  source, ri t h e  r a d i a l  d i s -  
tance w i t h  i t s  o r i g i n  a t  t he  source pos i t ion .  Mathematical ly,  
the forrnula(4) makes sense f o r  any va lue o f  rLand te, b u t  
cons ider ing  t h e  c a u s a l i t y  on l y  such sources w i t h  (r; /ti )<c 
c o n t r i b u t e  t o  t h e  observed f l ux .  So we take account such 
sources only. 
3. The p r e d i c t  spectrum o f  proton. 
From Eq.(4) see t h a t  f o r  ve ry  old/and d i s t a n t  po in tsource 
i t s  dens i t y  Ni has a  ve ry  l a r g e  Gaussian width, i.c.VN+=O, 
so we can t r e a t  them a l t o g e t h e r  as a  background NB. Therefor  
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are have 
N=Ns + 2 N; ( 5  
s u p p o s i n g  v is i s o t r o p y  a n d  n e g l e c t i n g  h i g h e r  t h a n  s e c o n d  
harmonic  a n i s o t r o p y  o f  I, t h e n  N = ~ ~ I / V ,  u e  h a v e  
I=IB+ 21; 47 4 ( 6 )  -I 
Taking  t h e  p a r a m e t e r s  =1.5, N=4xlO , b = 2 . 5 x 1 0  E&~(m.s.sr.Ge~) 
and i n s e r t i n g  t h e s e  wa- 
l u e s  o f  ri , t i , o f  t h e  ele- 104 
wen s u p e r n o v e a  i n  ~ ~ ~ ( 6 )  
we have t h e  r e s u l t ( f i g . l ! .  
You c a n  see t h a t  t h e  pre-  ; 103 
d i c t  r e s u l t s  f i t s  t h e  
d a t a  of  t h e  p r o t o n  q u i t e  $ 
well. I n  f a c t ,  b e c a u s e  o f  ; lo2 
t h e  c u t - o f f  e n e r g y  o f  t h e  5 
e l e v e n  s u p e r n o v e a ,  t h e  '-, 
v a l u e  o f  II is a l m o s t  uni -  & 
q u e l y  d e t e r m e d  by t h e  
d a t a  of  t h e  p r o t o n  o f  ld' IY, 
-10"e~ .  I t  is c lea r  t h a t  io13 loi7 1019 
t h e  time scale o f  c h a n g e  E(eV) 
of the pr intensity 0 Proton-4, 0 Tien Shan, . Haverah Park, 0 Yakutsk, 
~ > l / c n ( & = 1 0 ~  y , i t  a g r e e s  . . . - 
w i t h  l o n g  time d a t a  o f  Fig. 1 The differential spectrum of primary cosmic rays 
cosmic  r a y s .  Curve 1 is the sum of intensities contributed by eleven superno- 
vae. The dashed line represenm the background I B ,  Curve 2 is 
the pred~cted differential spectruni of primary protons. Shaded 
4. The a n i s o t r o p y  o f  area and sign 0 are the data of protons, the rest are somewate 
c o s m i c  r a y .  contaminated by other nuclei. 
Under above  ment ioned  
c a s e ,  t h e  a m p l i t u d e  o f  
f i rst  harmonic  a n i s o t r o p y  
h a s  been o b t a i n e d  1 t  
3tiNi 
xi=(- 1 zoi 
2Ct iN ( 7 )  10-1. 
whers  r; is t h e  u n i t  
r e c t o r  f rom t h e  E a r t h  t o  
t h e  i - t h  p o i n t  s o u r c e .  10'~. 
C o n s i d e r i n g  t h e  m o t i o n  of 6 
t h e  E a r t h  w i t h  r e s p e c t  t ~ ~ ~ - ~  
t h e  cosmic  r a y  background  5.5 t h e r e  w i l l  be Cornpton-Ge- 
t t i n g  anisot ropy, indepen- lo-5  
d e n t  o f  e n e r g y  b u t  rele- 
v a n t  t o  t h e  s p e c t r u m  
i n d e x  lo' 
&=(1+2 )v/c ( 8 )  A" 1 ,  I I I I 1 1 lola lox5 loLr loz9 
s o  t h e  f i n a l  resultant E (ev) 
a n i s o t r o p y ,  c a n  be e x p r e -  Fig.2 .  The expected amplitudes of the  ,. 
s s e d  a s  anisotropy caused by e leven SNR individ-  
c + 3ri  N i  + w l l y .  
'1. 6 ~ '  f (q)(Ti-)roi ( 9  ) - - 
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-3 -2 46 OC 5.4-12 N=4~I /c=1 ,2x10  E ' ( l /m3)  f o r  E ~ 5 x 1 0 : C e ~  
N = l . l  E-)" ( l /m3 ) f o r  E>5x10 G e V  
I n s e r t i n g  t h e s e  v a l u e s  o f  r;,t,, NLof t h e  e l e v e n  s u p e r n o v e a  
i n d i v i d u a l l y  and t h e  v a l u e  of  N i n t o  Eq.(7), u s i n g  t h e  t r i a l  
v a l u e s  ~ , = 1 ~ 3 2 x 1 0 ~ ,  r = l , 2 ( c o r r e s p o n d i n g  t o  t h e  s o u r c e  emi- 
s s i o n  loS0 e r g s  i n  t h e  p a r t i c l e  f o r m ) ,  t h e  a n i s o t r o p i e s  a s  a  f  unc- 
t i o n  of  e n e r g y  were c a l c u l a t e d . T h e  r e s u l t s  are  g i v e n  i n  Fig.2, 
We f i n d  t h a t  e a c h  o f  t h e s e  a n i s o t r o p i e s  is smaller t h a n  
6x10~ '  belotd 1 0 " e ~ ,  b u t  v a r i e s  as  ab above 5x10 eV.So w h a t e v e r  
t h e  d i r e c t i o n  o f  e a c h  a n i s o t r o p y  is, t h e  r e s u l t a n t  a n i s o t r o p y  
a l w a y s  h a s  a  variation. On h t e  o t h e r  hand, t h e  mea;ured 
a n i s o t r o p i e s  are a b o u t  5 . 5 ~ 1 0 ~  i n  t h e  e n e r g y  r a n g e  1 0  -10"e~.  
Combinat ion  o f  t h e s e  i n f o r m a t i o n  t o g e t h e r  l e a d s  u s  t o  draw 
t h e  c o n c l u s i o n  t a t  t h e  Cgmpton-Getting a n i s o t r o p y  is  domi- 
-2 n a n t ,  h=a  =5.5xl0 below l d  eV.By s u b s t i t u t i n c ~ j ( = 2 . ~ 6  i n  E ~ . ( B ) ,  
we g e t  t h e  v e l o c i t y  o f  35km/s w i t h  r e s p e c t  t o  t h e  c o s a i c  r a y  
background.  
5, D i s c u s s i o n  and c o n c l u s i o n .  
The a n i s o t r o p y  ment ioned  above  is i n  p r i n c i p l e  f o r  p r o t o n ,  
However, t h e  a n i s o t r o p y  is d e p e n d e n t  on t h e  s p e c i e s  o f  c o s m i c  
r a y s , U n f o r t u n a t e l y , s o  f a r  t h e  i d e n t i f i c a t i o n  o f  t h e  s p e c i e s  
of  c o s m i c  r a y  i n  EAS is u n c e r t a i n  y e t m R e c g n t l g , a  few o f  d i s -  
c r e t e & r a y  s o u r c e s  i n  t h e  e n e r g y  r a n g e  1 0  -10' eV h a s  b e e n  
d e t e c t e d . P e o p l e  have  n o t e d  t h e  p o s s i b l e  e f f e c t  o f  d - r a y s  on 
t h e  a n i s o t r o p y  and t h e  i n t e n s i t y  o f  cosmic  raysc9!, 
The c o n c l u s i o n  t o  be drawn f rom t h i s  s t u d y  may b e  summa- 
r i z e d  as f o l l o w s :  Taking some r e a s o n a b l e  ~ a r a m e t e r s , t h e  model 
c a n  a c c o u n t  f o r  t h e  f e a t u r e s  o f  t h e  p r o t o n  s p e c t r u m  and t h e  
a p p r o x i m a t e  c o n s t a n c y  o f  t h e  cosmic  r a y  i n t e n s i t y  i n  a l o n g  
p e r i o d . I t  also c a n  i n t e r p r e t e  t h e  power law o f  t h e  a n i s o -  
t r o p y  above e n e r g y  5 x l 0 ' ~ e ~  ,and t h e  Compton-Getting e f f ec t  is 
r e s p o n s i b l e  f o r  t h e  a n i s o t r o p i e s  i n  t h e  e n e r g y  r a n g e  l0"-10" 
eV. F u r t h e r m o r e ,  we g o t  t h e  s t r e a m i n g  v e l o c i t y  o f  35km/s w i t h  
r e s p e c t  t o  t h e  c o s m i c  r a y  background,  
F i n a l l y ,  I am g r a t e f u l  t o  Prof,A,W,Wolfendale f o r  h i s  h e l p f u l  
d i s c u s s i o n  and u s e f u l  i n f o r m a t i o n ,  
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